Since the technological breakthrough prompted by the inception of light emitting diodes based on III-nitrides, these material systems have emerged as strategic semiconductors not only for the lighting of the future, but also for the new generation of high-power electronic and spintronic devices. While III-nitride optoelectronics in the visible and ultraviolet spectral range is widely established, all-nitride and In-free efficient devices in the near-infrared (NIR) are still wanted.
INTRODUCTION
Over two decades ago a series of fundamental breakthroughs in the area of gallium nitride (GaN)-based semiconductor materials has led to the first demonstration of high efficiency and high brightness blue light emitting diodes (LEDs) 1, 2 . Currently, GaN-based blue and white LEDs reach efficiencies exceeding those of any conventional light source and III-nitride-based heterostructures represent the building-blocks not only of state-of-the-art laser diodes 3 , blue and white LEDs 4 , but also of high mobility transistors 5, 6 , high power electronic 7, 8 and spintronic 9 devices. The technological importance of III-nitrides is justified by a number of remarkable properties, including a widely tunable band-gap, the availability of both n-and p-type material, a remarkable thermal stability and large heat conductivity. In order to extend the functionalities of III-nitride systems to the near-infrared (NIR)
range -e.g. for telecommunication applications -currently these materials are either doped with rare earths and Er in particular [10] [11] [12] , or alloyed with a considerable amount of In 13, 14 , challenging the epitaxial growth and the homogeneity of the layers 15 .
Recently, we have reported that the co-doping of GaN with Mn and Mg results in the formation of robust cation complexes Mn-Mg k [ 16, 17] , responsible for a room-temperature (RT) broad IR emission that covers two of the telecommunication windows, respectively centered at 1.33 µm and 1.55 µm, opening wide perspectives towards the realization of efficient NIR devices not requiring rare earths or In.
Moreover, by embedding in an optical cavity layers of GaN:(Mn,Mg) containing the Mn- In a DBR the optical stop-band, i.e. the narrow range of wavelengths for which the propagation of light is strongly inhibited, is essentially due to multiple interference processes at the interfaces of a stack consisting of the repetition of two alternating layers -a Bragg pair -with respectively low and high refractive index. The separation between subsequent interfaces should be a multilple of a quarter of the design wavelength. The performance of the reflector is determined by (i) the contrast in the refractive index between the two materials of the Bragg pair and (ii) by the number of pairs. Several groups reported on the fabrication of Al x Ga 1−x N/GaN DBRs in the UV and visible range and in the majority of reports strain engineering comes into play, due to the necessity of overcoming the detrimental effects of the relaxation of stress originating from the lattice mismatch between GaN and its alloys.
Among the procedures employed, we recall the use of GaN/Al In situ and on-line kinetic ellipsometry ensures the direct control of the deposition process and provides information on the thickness of the layers, which is then confirmed by ex situ spectroscopic ellipsometry and transmission electron microscopy (TEM) in both The design of the DBRs in this work is supported by reflectivity simulations based on the transfer matrix method (TMM) [ 42] . With this formalism, the relation between the electric fields of the incident, reflected and transmitted light is given by modeling the multilayer structure as a series of interfaces and propagation regions represented by a scattering matrix (system transfer matrix), which is the successive product of: (i) the refractive matrices describing the reflection and transmission at a single interface and (ii) the phase matrices accounting for the phase shift caused by the propagation through a layer. Within this model, the whole transmission and reflectance spectrum of an arrangement of dielectric layers can The schematic model of the studied structures is reported in Fig. 2 , while the number of Bragg pairs for each investigated sample is provided in presence of the active layer.
Towards an optimized DBR
A protocol of in-depth post-growth characterization of the structures is employed in order to establish the relation between growth parameters, crystallographic arrangement, chemical composition and optical response of the investigated structures. On the large scale, the surface of all the samples studied by atomic force microscopy (AFM) and reported in Fig. 3 a), b) and c) shows a morphology already observed in the Al x Ga 1−x N:Mn samples studied by our group recently 41 . In the presence of the GaN:(Mn,Mg) active layer and with increasing number of Bragg pairs, the average size (both in-plane and in the growth direction) of the surface features increases, as seen when comparing the reference sample #I (active layer directly deposited on the buffer) in Fig. 3 a) with Fig. 3 b) and c), where a 5-fold and a 10-fold DBR have been added, respectively. In the high resolution images, on the other hand, it is possible to distinguish the atomic terrace edges characteristic of a step-flow growth mode, as evidenced in Fig. 3 d) .
X-ray diffraction reciprocal space maps (RSMs) measured about the (1015) #I is reported in Fig. 7 . As expected, the intensity of the main Mn-Mg k -related peak at their structural stability and in combination with tunable Al x Ga 1−x N:Mn/GaN DBRs paves the way for the design and fabrication of nitride-based single-photon sources. 49 .
